INTRODUCTION
lesser kestrel populations have become stable or increased in southwest Europe to due conservation efforts and the species was down-listed to 'Least Concern' in the International Union for Conservation of Nature Red List in 2011 (Deinet et al. 2013 ). Greece's populations declined by about 50% since the 1970s, whilst breeding and foraging habitats also shrank (Legakis & Maragou 2009 ); however, it has recently recovered, with current estimates of over 6,000 breeding pairs (Deinet et al. 2013) .
The lesser kestrel is an Annex I species of the EU Wild Birds Directive (2009/147/EEC) and its important breeding habitats, including different agro-ecosystems, have been designated as Special Protection Areas (SPAs) of the Natura 2000 Network in Spain, Portugal, Italy and Greece (Gallo-Orsi 2001; HMEE 2010) . Moreover, according to BirdLife International habitat classification, the lesser kestrel is a priority species in 'steppic habitats, arable land and improved grasslands', including cereal pseudo-steppes (Tucker & Evans 1997) .
The lesser kestrel is known for its sensitivity to agriculture intensification (Iñigo & Barov 2010) and could serve as a biodiversity surrogate (Caro & O'Doherty 1999; Caro 2010) and as an umbrella species, expected to offer protection for other natural co-occurring species (Lambeck 1997; Roberge & Angelstam 2004) and to monitor or solve conservation problems in its breeding grounds in the agro-ecosystems of Greece. It has been identified as a species indicator for HNVf and a baseline indicator for assessing the integration of environmental policies in the Rural Development Programmes (RDP) in the EU member states (EEA 2004; IEEP 2007 , Beaufoy et al. 2009 Keenleyside et al. 2014) . Bird species used as bioindicators of HNVf areas and as proxy of HNVf quality for conservation purposes include passerine birds in montados in Portugal (Catarino et al. 2014 ) and also passerines and shrubland bird species in traditional farmlands in Italy (Morelli et al. 2014) .
Understanding factors that determine the spatial distribution of biodiversity surrogates is essential for designating protected areas, developing effective conservation programmes, projecting future potential range changes and identifying potential areas for reintroductions and recovery plans (Ferrier 2002; Araujo et al. 2005; Boyce et al. 2007 ). The spatial distributions of biodiversity surrogates and umbrella species can be integrated with environmental information through predictive models to identify priority sites in conservation planning, particularly across large spatial scales (Guisan & Thuiller 2005) . In recent decades, lesser kestrel habitat studies have related its occurrence with low-input farming systems and heterogeneous landscapes with cereals, uncultivated patches, fallow land and pastures, that is, typical HNVf, also revealing the negative impact of CAP on those agricultural areas and the species' survival in its breeding areas (Bustamante 1997; De Frutos et al. 2007 Rodríguez et al. 2014) .
The aim of this study was to assess habitat preferences of breeding Lesser Kestrels in the agro-ecosystems of Central Greece using the presence/absence species distribution models. The study also evaluated the importance of the selected habitats, relating them to the HNVf in Greece for conservation purposes in order to preserve and enhance biodiversity in the agro-ecosystems.
Model outcomes could be a useful means for effective management planning of Natura 2000 sites within agricultural areas through the implementation of realistic, targeted Agri-Environment Measures (AEMs) under the RDP of Greece, using the lesser kestrel as a biodiversity surrogate and an umbrella species for safeguarding vital habitats such as HNVf areas in its breeding grounds.
MATERIALS AND METHODS

Study Area
The study area lies within the largest plain in the country, in the Region of Thessaly in Central Greece (Larissa: 39°38.21N, 22°25.05E; Fig. 1 ). Nearly half (46.2%) of the Region of Thessaly is farmland (Liarikos et al. 2012 ). The plain is dominated by intensive cultivations of irrigated cotton and other industrial crops (tobacco, maize) that occupy flat areas in the lowlands and non-intensive dry cereal cultivations (mostly wheat) located in both lowland and hilly areas. Pastures are close to urban areas and on hilly slopes, supporting the traditional livestock rotational system. The plain is surrounded by high mountains covered with natural grasslands, Mediterranean sclerophyllous short vegetation with open areas (garrigue), Mediterranean sclerophyllous evergreen vegetation of dense impenetrable thickets (maquis) and mixed deciduous forests, according to Corine Land Cover 2000 (EEA 2000) . The climate is typical of the continental Mediterranean region, characterised by wet, cold winters and dry, hot summers. Five areas within the stronghold of lesser kestrel population in Thessaly are designated as SPAs by the Hellenic Ministry of Environment and Energy (HMEE 2010 (HMEE , 2012 . Two SPAs (GR142011 and GR142012) lie within the study area and three SPAs (GR1420006, GR14200007, GR1420013) are partially contained in it (Fig. 1) , including urban areas with lesser kestrel colonies. The elevation in the study area ranges from 0 to 2,005 m.
Bird data
Because Lesser Kestrels breeding in Thessaly plain are mainly urban nesters, villages and towns were surveyed twice, during the years 2006 and 2007, for bird colonies in the study area. Regions with elevations >1,000 m were excluded from surveys, as there were no records of colonies in those altitudes in Thessaly (Hallmann 1996) . Data were collected in June, during the period of chick rearing . Colony surveys were carried out from sunrise until sunset and the time spent at each site ranged from a few minutes -when breeding birds were directly detected at the site -up to 1 h in sites without any birds. Sites where birds had been observed were considered breeding colonies locations and used as 'presences' in the model development, whilst places without observations were considered 'absences'. All places with absences were visited twice.
Birds at colonies were not counted, as population estimation was beyond the scope of this study. The centre of all sites was marked using a Global Positioning System receiver.
Predictor variables
Habitat data were derived by satellite image processing. A cloud-free Landsat Thematic Mapper image (30-m resolution) of seven spectral bands, obtained from the US Geological Survey (http://eros.usgs.gov/), was used to generate a land cover map for the year 2006. Acquisition date was from late summer (08 August 2006), which enables better discrimination between the main types of agricultural land cover in the study area, that is, irrigated cotton crops and dry cereal fields, the most significant habitat types for the purposes of this study. Cereals are, generally, harvested in June and fields are left fallow until the following November and the soil remains bare or covered with sparse short, dry herbaceous vegetation, whilst cotton plants are in full growth in mid August (Toulios & Sileos 1994) . The image was radiometrically and geometrically corrected and geo-referenced (USGS 2006) . A supervised image classification analysis (Campbell 2002) was performed using MultiSpec (v.3.1) (Purdue Research Foundation 2007) . Seven broad land cover classes, following the Corine Land Cover classification (EEA 2000), were identified: urban and built-up areas, irrigated, non-irrigated farmland, grassland, scrubland, woodland and areas with tall vegetation (e.g. tree plantations and orchards) and water cover. Land cover classes were expressed as percentages. Maximum likelihood classification (Campbell 2002 ) was used for image classification. The Kappa statistic and the 'leave-one-out' re-sampling method were used to calculate producer's accuracy and user's accuracy (Lillesand & Kiefer 1999) . Training areas were selected based on the information on land cover collected during field visits. Land cover data were imported in a Geographical Information System (GIS) as a raster thematic map (30 m pixel size).
For data retrieval, sampling plots of a 4-km radius were selected, based on foraging dispersal distances of radiotracked birds from colonies in the Iberian Peninsula (Tella et al. 1998; ) and observational studies in Greece (Lucking 2006; Galanaki 2011) .
Data on human population size, which serves as a surrogate measure of urban areas extent, were obtained from the National Statistical Service of Greece (NSSG; http://www. statistics.gr). Data on elevation and slope were extracted from (Luoto et al. 2002) . Total river lengths and their distance to colonies were generated in ArcView3. 2 with the Nearest Features tool (v.3.8a) (Jenness 2004) . Four landscape metrics of habitat structure were also calculated at the landscape level from the thematic map using FRAGSTATS (v.3.3-5) (McGarical & Marks 1994) : largest patch index (LPI), landscape shape index (LSI), total edge (TE) and Shannon's diversity index (SHDI). Habitat associations based on landscape patterns can influence the distribution of species and, hence, improve the accuracy and ease of use of models (McGarical & McComb 1995; Lawler & Edwards 2002) . Also, landscape metrics are useful in order to identify HNVf (Šímová 2017). In total, 22 predictor variables were used for the analyses (Table 1 ).
Data analyses
Descriptive statistics were calculated for predictor variables. Variables with many zeros were omitted from the analyses. Predictive distribution models were developed using generalised additive models (GAMs) (Hastie & Tibshirani 1990) . Because GAMs may be affected by multicollinearity amongst predictors, although the overall model is significant and its predictive reliability is not reduced, some or even all of the predictors might have not significant regression coefficients (Graham 2003) . Thus, before model development, variables were tested for multicollinearity and a threshold value of r = 0.8 was applied to omit the highly correlated ones. From intercorrelated predictors, those ones that were more informative and had an ecological meaning were retained for further analysis.
Univariate GAMs were fitted using a logit link function, first with a default smoothing level of three and then with a stepwise selection from a range of increasingly complex smoothing functions, to identify the appropriate smoothing level for the development of the final GAM model. Predictors with the Bonferroni corrected p-value of >0.05 were excluded from the analysis (Pearce & Ferrier 2000) . Analyses were performed using the gam package (v.1.0) (Hastie 2008) 
Residual deviance was calculated to measure the goodness of fit for the GAM, and the Akaike's information criterion (AIC) was also used, which determines the model that best fits the data; in general, the smaller the AIC, the better is the fit (Crawley 2007) . Effect plots that describe the partial prediction for each predictor variable (after removing the effect of all other predictors) (Xiang 2002; Fielding 2007) were also constructed.
GAM model performance was assessed using receiver operating characteristic (ROC) curves with their associated area under the curve (AUC) statistics (Fielding 2007 ) using the PresenceAbsence package (v. 1.1.2) (Freeman 2007) in R. Classification tables with percentages of the accurate predictions (i.e. percentages of correctly classified cases, PCC) and misclassified cases [false positives (FP) and false negatives (FN)] were created, and outliers were determined for the training and testing data. Moreover, four threshold optimisation criteria were used to assess the effect of threshold allocation: (a) Sens=Spec, the threshold in which sensitivity equals specificity; (b) maxSens=Spec, the threshold that maximises the sum of sensitivity and specificity; (c) MaxKappa, the threshold that gives the maximum value of Kappa; and (d) MinROCdist, the threshold that minimises the distance between the ROC curve and the upper left corner of the unit square (Freeman & Moisen 2008) .
RESULTS
Colony surveys -Univariate analysis
Eighty-seven lesser kestrel colonies were found within the study area (Fig. 1) . On the basis of the data collected, presences were selected to be equal to absences in the training set, that is, 66 presences and 66 absences were used for model building (N = 132). For model testing, 50 cases of presences and absences were used (N = 50).
Percentages of land cover classes from the supervised image classification analysis were 24.7% for irrigated land, 22.7% for scrubland, 14.1% for woodland and other tall vegetation, 13.7% for nonirrigated land, 11.8% for urban and builtup areas, 8.8% for grassland and 4.2% for water (Appendix 1). Overall image classification accuracy was 97.3%, and the Kappa statistic (x100) was 96.2% (Appendix 1).
The descriptive statistics for the 22 predictor variables in the plots of presences and absences are shown in Appendix 2. Two variables 'water' and 'slopemin' were excluded in the first step of data analysis because of many zeros. When checked for multicollinearity, the more informative ones from the highly correlated variables were retained for further analysis, that is, 'elevation' and 'slope mean' and the 'LPI' and 'SHDI', whilst seven predictors ('elevmin', 'elevmax', 'elevstd', 'slopmax' 'slopestd', 'LPI' and 'TE') were omitted. Finally, 13 predictors were retained for further analysis.
Model performance
Results from the fitted stepwise GAMs for the 13 individual predictors and the smoothing levels for the development of the final models are presented in Table 2 . Three predictors (nonirrigated, irrigated land and SHDI) were significant in the final GAM developed (Tables 3 and 4 ). The effect plots that reveal the non-linear relationships between the probability of lesser kestrel occurrence and the predictors are presented in Fig. 2 . Irrigated farmland is positively associated with colonies, but as the coverage increases, its effect becomes negative, whilst the probability of species occurrence in relation to nonirrigated farmland is, initially, positive and then becomes relatively stable in higher cover percentages. Lesser kestrel presence is negatively associated with landscape heterogeneity (represented by large SHDI values) above a certain threshold value.
The value of the AUC for the final GAM was 0.99 (Table 4) . Threshold values for the four threshold optimisation criteria that were used to measure the classification accuracy in GAM with training data are shown in Appendix 3. The percentage of correctly classified cases for the model developed with the training data (with a threshold = 0.5) is higher than that for the model developed with the testing data as shown in the classification table in Appendix 4. The model with the training data misclassified four cases and with the testing data in nine cases (Appendix 4).
DISCUSSION
Lesser kestrel colonies -habitat associations
Nonirrigated land dominated by dry cereals, that is, typical HNVf areas, was a significant habitat predictor for breeding lesser kestrel distribution in the study area. Large colonies in the plain lie within areas cultivated with dry cereals (Hallmann 1996) and high numbers of birds have been recorded to forage in this habitat type (Galanaki et al. in press) . Cereals have little demand for pesticides and are, mostly, nonirrigated in Greece (EEC 2007) . The results agree with the findings of other lesser kestrel studies in the Iberian Peninsula where the species occurrence is associated with extensive cereals, a habitat related with the abundance of preferred prey, mainly during chick-rearing period that is crucial for the species reproductive success (Doňazar et al. 1993; Parr et al. 1995; Bustamante 1997; Tella et al. 1998; Rodríguez et al. 2006; De Frutos & Olea 2008; Catry et al. 2013; Rodríguez et al. 2014; Hernán-dez-Pliego et al. 2017 ). Thus, Lesser Kestrels could stand as a biodiversity surrogate and as an umbrella species for delivering farmland biodiversity conservation in the agro-ecosystems of Greece.
Intensively cultivated irrigated land, mainly cotton, was also an important predictor of lesser kestrel colonies. How- ever, abundance of foraging Lesser Kestrels was negatively associated with irrigated land at a finer scale analysis (Galanaki et al. in press) . Cotton is identified as a poor habitat for wildlife because of the use of toxic agrochemicals (EEC 2007) and prey density is lower in cotton fields than in other habitats such as cereals and field margins (Rodríguez & Bustamante 2008) . Philopatry of birds for building colonies in areas previously covered by suitable habitats could explain the selection of this habitat despite its low foraging quality (Bustamante 1997) . As birds do not have territorial restrictions, they can fly long distances to forage when there are no suitable habitats close to colonies or food is insufficient García et al. 2006; Bonal & Aparicio 2008; Catry et al. 2013) . Other studies show, however, that birds are negatively associated with irrigated crops such as maize (Ursúa et al. 2005; De Frutos & Olea 2008; De Frutos et al. 2010; De Frutos et al. 2015) . Selection of cotton could also be explained by birds association with linear habitat features, such as field margins, that is, important elements of HNVf, interspersed in cotton fields used for foraging (pers.obs., Ursúa et al. 2005) . Field margins were not included in model development, because they could not be detected by the image classification analysis because of the coarseness of the thematic map resolution (30 m pixel). This habitat is commonly reported to be preferred for foraging by Lesser Kestrels (Parr et al. 1997; Tella et al. 1998; Rodríguez et al. 2006; Rodríguez & Bustamante 2008; Rodríguez et al. 2014) .
Landscape heterogeneity was also an important predictor of Lesser Kestrels in the study area. Lesser kestrel colonies were negatively associated with heterogeneous landscapes (represented by large SHDI values), explained by the fact that are uncommon in the study area that is composed of extensive, fairly homogeneous cotton and cereal fields, lacking complexity and tall vegetation (e.g. trees), which gets usually burnt at fires set for burning cereal stubbles in the summer. Use of landscape metrics related to lesser kestrel habitat structure by De Frutos et al. (2007) made no significant contribution to their model performance. However, researchers argue that habitat associations based on landscape patterns could influence the distribution of species, improve the accuracy and ease the use of models (McGarical & McComb 1995; Lawler & Edwards 2002) . Typical HNVf such as grasslands and fallow land when located in the vicinity of lesser kestrel colonies are considered as important foraging habitats for the species, being rich in prey availability (Doňazar et al. 1993; Parr et al. 1997; García et al. 2006; De Frutos et al. 2010; Catry et al. 2012 Catry et al. , 2013 . However, they were not identified as significant predictors in this analysis. Yet, foraging Lesser Kestrels were positively associated with grasslands at a finer scale analysis in the study area (Galanaki et al. in press) .
Model evaluation
The final GAM over-fitted the data [i.e. their accuracy with testing data is less than that with training data (MacNally 2000; Fielding 2007) ], but overall, the reduction in accuracy was relatively small, suggesting that the model is robust. Occurrence of more false negatives (i.e. models fail to detect the species' presence, whilst birds breed there) than false positives in testing data is probably because some areas in presence sites have similar attributes (irrigated land) with some others in places with absences.
The value of AUC indicates that they can incorporate non-linear relationships between the response and the predictor variables. However, the very high value of AUC should be treated with caution; researchers question the AUC as a measure of the performance of predictive models, arguing that it can be misleading, as the AUC could be biased and overestimate the goodness of fit of models (Lobo et al. 2008) . Regarding threshold optimisation, there was no need for threshold adjusting because the differences in their values are small between models. Adjustment of the threshold must be based on the aim for which models are developed (Fielding 2007) . Incorporation of predictors related to fine-scale habitat features such as linear field margins might be useful in a future analysis to refine models.
Conservation planning for Lesser Kestrels
In this study, typical HNVf such as dry cereals were a significant predictor of lesser kestrel colonies in Thessaly. The results could be used to lobby for maintaining and promoting this cultivation type and other low-input arable crops in Natura 2000 sites in agro-ecosystems, to safeguard vital Lesser Kestrels habitats . in their breeding grounds. The relation of Lesser Kestrels with HNVf could also be used as an additional tool for promoting farmland biodiversity conservation for other priority species and outside protected areas, acting as an umbrella species (Lambeck 1997; Roberge & Angelstam 2004; Caro 2010 ). An essential step for lesser kestrel conservation in Greece would be the planning and promotion of realistic, targeted AEMs under the RDP of Greece and the conservation of HNVf, based on the EU proposals for species and habitats conservation (EEC 2011), with strong technical support to secure their implementation and effectiveness. Targeted AEMs in the Pillar 2 of CAP could yield biodiversity benefits in agricultural ecosystems and support the maintenance of HNVf (Poláková et al. 2011; Whittingham 2011; Batáry et al. 2015) . Such measures would ensure continuation of extensive agricultural practices and maintenance of low-input farming systems (e.g. dry cereals, other low-input arable crops, grasslands and other HNVf that support Lesser Kestrels), creation of wildlife refuges and corridors (field margins, uncultivated land strips and field borders used as foraging sites), preservation and planting of tree stands (used as perches by birds) and maintenance of all structural landscape elements in intensive arable cultivations (Marshall & Moonen 2002) . They could enhance the creation of habitat heterogeneity (Rodríguez & Bustamante 2008; Catry et al. 2012; Rodríguez et al. 2014) and support a high variety in density and species composition of both wild flora and fauna in farmland areas (Suárez et al. 1997; Oňate et al. 2007 ). Moreover, maintenance of traditional cereal fields that retain scattered non-cropped areas of fallow land at different age level, semi-natural and edge habitats would be beneficial for Lesser Kestrels and other species in the agro-ecosystems of Greece. Under the 2007-2013 RDP, one AEM for arable crop management was designed, aiming at preserving farmland bird populations, but it was never implemented (HMRDF pers.com.), whilst no AEM targeting HNVf was designed. Under the 2014-2020 RDP, one AEM on HNVf has been designed, but it has not been into practice yet, whilst there are no measures for targeted priority bird species in farmlands (HMRDF 2017). Based on the above, although many options for concerning biodiversity under a greener CAP occur, a lot of effort is still needed to preserve and enhance farmland biodiversity, including breeding Lesser Kestrels, through the implementation of targeted AEMs for the EU priority species and habitats in the agro-ecosystems and the HNVf in Greece. 
APPENDIX 2 DESCRIPTIVE STATISTICS WITH MEAN VALUES AND STANDARD DEVIATIONS (STD. DEV) FOR THE PREDIC-TOR VARIABLES IN THE PLOTS
